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Abstract 
$TXHRXV VROXWLRQ FRQWDLQLQJ VWHULFDOO\KLQGHUHG DPLQH UHSUHVHQWV FDQGLGDWH VROYHQWVKDYLQJJRRGSRWHQWLDO IRU FDUERQGLR[LGH
&2FDSWXUH ,Q WKHSUHVHQWZRUN WKH&2UHDFWLRQZLWKDPLQH;KDYLQJVWHULFDOO\KLQGHUHGVXEVWLWXHQWV LQDTXHRXVVROXWLRQ
DEVRUEHQW;LVLQYHVWLJDWHGE\ODERUDWRU\VFDOHDSSDUDWXV$EVRUEHQW;ZDVIRXQGWRKDYHWKHKLJK&2F\FOLFFDSDFLW\DQGWKH
ORZ&2 UHOHDVH WHPSHUDWXUH)XUWKHUPRUH WKH&2 UHJHQHUDWLRQHQHUJ\RIDEVRUEHQW;ZDVOHVV WKDQ WKDWRIJHQHUDO
ZW0($ DTXHRXV VROXWLRQ:HZLOO HYDOXDWH WKH DEVRUEHQW; DW0LNDZD SLORW SODQW  WRQ&2GD\ UHFRYHU\ RZQHG E\
7RVKLED&RUSXVLQJWKHDFWXDOIOXHJDVIURP0LNDZDFRDOILUHGSRZHUSODQWLQ)XNXRNDSUHIHFWXUH-DSDQ
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI*+*7
Keywords:FDUERQGLR[LGHDEVRUSWLRQGHVRUSWLRQORDGLQJVWHULFDOO\KLQGHUHGDPLQH
1. Introduction 
,QUHFHQW\HDUVDJUHHQKRXVHHIIHFWUHVXOWLQJIURPDQLQFUHDVHRI&2FRQFHQWUDWLRQKDVEHHQSRLQWHGRXWDVRQH
RI WKH FDXVHV RI JOREDO ZDUPLQJ SKHQRPHQD &KHPLFDO DEVRUSWLRQ XVLQJ DQ DTXHRXV VROXWLRQ RI DPLQH EDVHG
DEVRUEHQWV LV RQHRI WKHPRVW HIIHFWLYHPHWKRGV WR FDSWXUH&2 >@$WSUHVHQW D KLJK HQHUJ\ DQG FRVW SHQDOW\ LV
DVVRFLDWHGZLWKWKHODUJHVFDOHDSSOLFDWLRQRIWKHWHFKQRORJ\DQGRQHDSSURDFKWRUHGXFLQJWKHHQHUJ\UHTXLUHPHQWV
DQGWKHFRVWRIWKHSURFHVVLVWKURXJKWKHGHYHORSPHQWRIPRUHFRVWHIIHFWLYHDQGVXSHULRUSHUIRUPLQJDPLQHV


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7RVKLEDKDVGHYHORSHGWKHDPLQHEDVHGDTXHRXVVROXWLRQ7RVKLEDVROYHQWDQGUHIHUUHGWRDV76DQG76
UHVSHFWLYHO\WKDWFDQVLJQLILFDQWO\UHGXFH&2UHJHQHUDWLRQHQHUJ\FRPSDUHGZLWKWKHFRQYHQWLRQDODEVRUEHQWVVXFK
DVZWPRQRHWKDQRODPLQH0($DTXHRXVVROXWLRQDQGUHSRUWHGWKHUHVXOWVRIWKHSLORWSODQWRIWRQ&2GD\
UHFRYHU\IURPWKHIOXHJDVRIDFRDOILUHGSRZHUSODQW>@:HKDYHLPSURYHGWKHV\VWHPRIWKHSLORWSODQWXVLQJ
76$VDUHVXOWZHKDYHFRQILUPHGWKHHQHUJ\RI*-W̢&2ZLWKH[FHHGHGYDOXHVRI&2FDSWXUHUDWLRE\
XVLQJ76>@$IWHUIXUWKHUFDUHIXOFRQVLGHUDWLRQRQWKHDPLQHVWUXFWXUHZHKDYHFRQILUPHGWKHHQHUJ\RI*-W
&2ZLWKH[FHHGHGYDOXHVRI&2FDSWXUHUDWLRE\XVLQJWKHVWHULFDOO\KLQGHUHGDPLQH>@
$VWXG\RQSDUWLFXODUO\DONDQRODPLQHKDYLQJVWUXFWXUDOVWHULFKLQGUDQFHZDVYLJRURXVO\WULHGDVWKHDEVRUEHQWRI
DFLGJDV>@$ONDQRODPLQHKDYLQJWKHVWHULFKLQGUDQFHKDVPHULWVWKDWVHOHFWLYLW\RIDFLGJDVLVYHU\KLJKDQGWKH
HQHUJ\UHTXLUHGIRUUHJHQHUDWLRQLVVPDOO 7KHQZHIRFXVHGRQWKHGHYHORSPHQWRIWKHKLQGHUHGDPLQHEDVHG&2
DEVRUEHQWV WKDW KDYH D ORZ KHDW RI UHDFWLRQ DQG KLJK FDSDFLW\ IRU &2:H V\QWKHVL]HG WKH QHZ KLQGHUHG DPLQH
DPLQH;DQGWKHUHVXOWVIRUWKHDPLQH;ZDVWKHQFRPSDUHGZLWKWKRVHRIWKHFRQYHQWLRQDO0($DQG76 
,QWKLVVWXG\WKHDEVRUEHQWFDQGLGDWHDEVRUEHQW;KDVEHHQHYDOXDWHGIRU&2FDSWXUHE\WKHVFUHHQLQJWHVWWKH
YDSRUOLTXLG HTXLOLEULXP WHVW LQ FRPSDULVRQ WR ERWK76 DQG0($7KH REMHFWLYH RI VROYHQW VFUHHQLQJ WHVW LV WR
GHOLYHUWKHFDQGLGDWHIRUIXUWKHUDQGPRUHGHWDLOHGWHVWLQDEHQFKVFDOHDSSDUDWXVDQGILQDOO\LQ0LNDZDFRDOILUHG
SRZHUSODQWLQ)XNXRNDSUHIHFWXUH-DSDQ

2. Experimental 
2.1. Chemicals 
$OO WKH DPLQHV H[FHSW WKH DPLQH;ZHUH SXUFKDVHG IURP7RN\R&KHPLFDO ,QGXVWU\&R /WG DQG:DNR3XUH
&KHPLFDO,QGXVWULHV/WGDQGZHUHXVHGZLWKRXWIXUWKHUSXULILFDWLRQ7KHDPLQH;ZDVV\QWKHVL]HGLQRXUODERUDWRU\
E\ WKH UHGXFWLYH DPLQDWLRQ >@ 7KH SXULW\ DQG VWUXFWXUH RI WKH DPLQH ; ZDV HVWDEOLVKHG E\ *& DQG 105
VSHFWURVFRS\UHVSHFWLYHO\

3. Results and discussion 
3.1. CO2 absorption properties 
&2FDQEHERXQGDVELFDUERQDWHLRQVRUFDUEDPDWHLRQVZLWKDPLQHV7KHSHUIRUPDQFHRIGLIIHUHQWDEVRUEHQWV
FRQWDLQLQJDPLQHVLVDODUJHH[WHQWGHWHUPLQHGE\WKHIRUPDWLRQRIWKHVHVSHFLHV7RFODULI\WKHVWHULFHIIHFWRIWKH
VXEVWLWXHQWRQWKHUHODWLYHUHDFWLYLW\WKHDEVRUSWLRQFDSDFLW\DQGWKHDEVRUSWLRQUDWHZHUHGHWHUPLQHGIRUHDFKDPLQH
7KHDEVRUEHQW;FRQWDLQLQJDPLQH;ZDVLQYHVWLJDWHGE\PHDVXULQJWKHLU&2DEVRUSWLRQSURSHUWLHVDORQJZLWKERWK
767RVKLEDVROYHQWDQGZW0($VROXWLRQ
$EVRUSWLRQSHUIRUPDQFHZDVHYDOXDWHGE\PHDVXULQJWKH&2FRQFHQWUDWLRQLQWKHJDVDWDQH[LWRIWKHWHVWWXEH
E\ XVLQJ DQ LQIUDUHG JDV FRQFHQWUDWLRQ PHDVXUHPHQW GHYLFH PDQXIDFWXUHG E\ 6KLPDG]X &RUSRUDWLRQ QDPH RI
DUWLFOH ³&*7´ 6FUHHQLQJ DEVRUSWLRQ H[SHULPHQW ZDV FDUULHG RXW XVLQJ WKH VFUHHQLQJ DSSDUDWXV VKRZQ LQ
)LJXUHZKLFKLVGHVLJQHGWRRSHUDWHDWDWPRVSKHULFFRQGLWLRQVDW&$POZDWHUVROXWLRQKHUHLQDIWHUWREH
UHIHUUHGWRDVDQDEVRUEHQWZDVSUHSDUHGE\GLVVROYLQJDPLQH;DQGWKHDFFHOHUDWRULQZDWHU$IWHUWKLVDEVRUEHQW
ZDVILOOHGLQDWHVWWXEHDQGKHDWHGWR&DYRO&2JDVEDODQFHGZLWK1JDVZDVWKHQVXSSOLHGWRWKHWHVW
WXEH DW D IORZ UDWH RI  P/PLQ 7KH &2 FRQFHQWUDWLRQ LQ WKH DEVRUELQJ OLTXLG ZDV PHDVXUHG E\ XVLQJ WKH
LQIUDUHG JDV FRQFHQWUDWLRQ PHDVXUHPHQW GHYLFH WR HYDOXDWH DEVRUSWLRQ SHUIRUPDQFH 7KH HTXLOLEULXP ZDV
GHWHUPLQHGZKHQWKH&2DQDO\]HULQGLFDWHGDFRQVWDQW&2FRQFHQWUDWLRQLQWKHRXWOHWJDV$QDEVRUSWLRQUDWHZDV
FDOFXODWHG DW  RI WRWDO &2 ORDGLQJ 2Q WKH RWKHU KDQG WKLV DEVRUELQJ OLTXLG ZDV ILOOHG LQ D VWDLQOHVV VWHHO
F\OLQGULFDOYHVVHODQGKHDWHGWR&$YRO&2JDVEDODQFHGZLWK1JDVZDVWKHQVXSSOLHGWRWKHVWDLQOHVV
WXEHDWDIORZUDWHRIP/PLQ7KH&2FRQFHQWUDWLRQLQWKHDEVRUEHQWZDVPHDVXUHGE\XVLQJD&2DQDO\]HU
PHQWLRQHG DERYH WR HYDOXDWH DEVRUSWLRQ SHUIRUPDQFH 7KH HTXLOLEULXP ZDV GHWHUPLQHG ZKHQ WKH &2 DQDO\]HU
LQGLFDWHGDFRQVWDQW&2FRQFHQWUDWLRQLQWKHRXWOHWJDV&\FOLFFDSDFLW\LVWKHGLIIHUHQFHRI&2ORDGLQJEHWZHHQ
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&DQG&7KHVHWHPSHUDWXUHVDUHUHJDUGHGDVW\SLFDOFRQGLWLRQVIRUWKHFKHPLFDOSURFHVV,W LVGHVLJQHGWR
JLYHDIDVWUHODWLYHFRPSDULVRQRIDEVRUSWLRQUDWHDQGDEVRUSWLRQFDSDFLW\DVZHOODVWKHDEVRUSWLRQORDGLQJDPRXQW
WKXVDQHVWLPDWHRIWKHUHODWLYHF\FOLFFDSDFLW\RIHDFKV\VWHPFRXOGEHGHGXFHG
7KHDEVRUSWLRQUDWHVYHUVXVORDGLQJFXUYHVPRO&2PRODPLQHIRUWKUHHDEVRUEHQWVDUHVKRZQLQ)LJXUH,W
FDQEHREVHUYHGWKDWWKHDEVRUSWLRQUDWHDQGDEVRUSWLRQORDGLQJRIDEVRUEHQW;DUHFRQVLVWHQWO\KLJKHUWKDQWKRVHRI
767KHDEVRUSWLRQUDWHDQGDEVRUSWLRQORDGLQJRIDEVRUEHQW;DUHPROPROPLQPROPROUHVSHFWLYHO\
,WLVKRZHYHUREVHUYHGWKDWWKHDEVRUSWLRQUDWHRIDEVRUEHQW;LVORZHUWKDQWKDWRIZW0($VROXWLRQRYHUWKH
UDQJHRIPROPRORIDEVRUSWLRQ7KLVFRXOGEHH[SODLQHGE\ WKHKLJKHUYLVFRVLW\RIDEVRUEHQW;ZKLFK OHG WR
UHGXFHGGLIIXVLYLW\UHVXOWLQJLQUHGXFHGPDVVWUDQVIHUUDWHDQGWKHGHFUHDVHGUDWH

)LJXUH,OOXVWUDWLRQRIODERUDWRU\H[SHULPHQWDOV\VWHP

)LJXUH$EVRUSWLRQUDWHYHUVXVDPRXQWRI&2DEVRUEHGDW&

7DEOH([SHULPHQWDOUHVXOWVIRUYDSRUOLTXLGHTXLOLEULXP

7DEOHJLYHVWKHVXPPDU\RIWKHDEVRUSWLRQGHVRUSWLRQFKDUDFWHULVWLFVRIWKHWHVWHGV\VWHPV,WLVREVHUYHGWKDW
WKHDEVRUEHQW;KDVWKHODUJHVWF\FOLFFDSDFLW\DVZHOODVWKH ORZHVW&2UHPRYDOSHUDPLQHRQURXJKO\WKHVDPH
OHYHORI76
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䕺 Absorbent X
䕔 TS-1
䕦MEA 30% solution
Loadinga Loadingb Cyclic Capacityc Absorption rated
mol/mol mol/mol mol/mol mol/mol/min
  Absorbent-X 0.43 0.05 0.38 5.28㽢10-3
  TS-1 0.31 0.03 0.28 2.86㽢10-3
  MEA 30wt䠂 solution 0.56 0.21 0.35 5.96㽢10-3
cDifference of CO2 loading between 40䉝 and 120䉝
G$EVRUSWLRQUDWHFDOFXODWHGDWRIWRWDO&2ORDGLQJ
  Amine Absorbents
aMaximum CO2 loading at 40°C, bMaximum CO2 loading at 120°C,
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3.2. Heat of reaction 
7KH KHDW RI WKH UHDFWLRQ RI WKH &2 DEVRUSWLRQ IRU WKH DEVRUEHQW; 76 DQG  ZW 0($ VROXWLRQ ZDV
PHDVXUHG ZLWK D GLIIHUHQWLDO UHDFWLRQ FDORULPHWHU ³'5&´ SURGXFW QDPH PDQXIDFWXUHG E\ 6(75$0&RPSDQ\
FRPSRVHGRIDJODVVUHDFWLRQYHVVHODQGDUHIHUHQFHYHVVHOZLWKWKHVDPHVKDSHLQVWDOOHGLQDWKHUPRVWDWLFRYHQ7KH
UHDFWLRQ YHVVHO DQG WKH UHIHUHQFH YHVVHO ZHUH HDFK ILOOHG ZLWK D  P/ DEVRUELQJ OLTXLG DQG & FRQVWDQW
WHPSHUDWXUHZDWHUZDVFLUFXODWHGLQMDFNHWSRUWLRQVRIWKHYHVVHOV,QWKLVVWDWH&2JDVZLWKDFRQFHQWUDWLRQ
ZDVEORZQWRWKHDEVRUELQJOLTXLGLQWKHUHDFWLRQYHVVHODWDIORZUDWHRIP/PLQDQGWKHWHPSHUDWXUHLQFUHDVH
RI WKH OLTXLGZDVFRQWLQXRXVO\ UHFRUGHGE\D WKHUPRJUDSKXQWLO WKH &2DEVRUSWLRQZDV ILQLVKHGDQG WKHKHDWRI
UHDFWLRQZDVFDOFXODWHGE\XVLQJDQRYHUDOOKHDWWUDQVIHUFRHIILFLHQWEHWZHHQWKHUHDFWLRQYHVVHODQGWKHMDFNHWZDWHU
PHDVXUHGLQDGYDQFH
7KHKHDWRIUHDFWLRQIRUWKHDEVRUEHQW;LVVPDOOHUWKDQWKDWRI0($VROXWLRQ7KHKHDWVRIUHDFWLRQRIWKH&2
DEVRUSWLRQ IRU DEVRUEHQW; 76 DQG ZW0($ VROXWLRQ DUH  N-PRO  N-PRO  N-PRO UHVSHFWLYHO\
0($PDLQO\IRUPVWKHFDUEDPDWHLRQDW&2DEVRUSWLRQUHDFWLRQ,QFRQWUDVWLWLVIRXQGWKDWWKHDEVRUEHQW;IRUPV
WKH FDUERQDWH LRQ 7KHUHIRUH WKH UHDFWLRQ KHDW RI WKH DEVRUEHQW; ZDV ORZ ,Q JHQHUDO DPLQH DEVRUSWLRQV ZLWK
KLJKHUDEVRUSWLRQUDWHVXVXDOO\VKRZKLJKHUKHDWRIUHDFWLRQ'HVSLWHWKHKLJKHUDEVRUSWLRQUDWHRIWKHDEVRUEHQW;
WKH KHDW RI UHDFWLRQ RI WKH DEVRUEHQW; LV FRPSDUDWLYHO\ VPDOO EDVHG RQ WKH HIIHFWLYHQHVV RI VWHULFDOO\ KLQGHUHG
VXEVWLWXHQWV
3.3. Vapor-Liquid Equilibrium (VLE) 
9DSRUOLTXLGHTXLOLEULXPDWERWK&DQG&ZHUHPHDVXUHGZLWKDQDSSDUDWXVVKRZQLQ)LJXUH&2DQG
1JDVPL[HGLQSUHSDUHGFRQFHQWUDWLRQE\IORZFRQWUROOHUVZHUHVXSSOLHGWRDQDEVRUEHQWLQDUHDFWRUKHDWHGZLWKDQ
HOHFWULF KHDWHU :KHQ &2 FRQFHQWUDWLRQ LQ RXWOHW JDV IURP D YDSRUOLTXLG VHSDUDWRU ZDV VLPLODU ZLWK &2
FRQFHQWUDWLRQLQLQOHWJDV WKHHTXLOLEULXPLQWKHFRQGLWLRQZDVGHWHUPLQHG7KHDEVRUEHQWZDVH[WUDFWHGIURPWKH
UHDFWRUDQGWKH&2ORDGLQJLQWKHDEVRUEHQWZDVPHDVXUHGE\JDVFKURPDWRJUDSK\
)RU&PHDVXUHPHQW WKH DSSDUDWXV VKRZQ LQ)LJXUH ZDV XVHG DQG/DEVRUEHQWZDV LQ WKH UHDFWRU DW
&DWPRVSKHULFSUHVVXUH:HGHWHUPLQHG&2SDUWLDOSUHVVXUHLQWKHUHDFWRUIURPWKHZDWHUYDSRUSDUWLDOSUHVVXUH
FDOFXODWHGIURPWKHDPRXQWRIZDWHULQWKHDEVRUEHQWDQGVDWXUDWHGZDWHUYDSRUSUHVVXUHDW&2QWKHRWKHUKDQG
WKHDSSDUDWXVVKRZQ LQ)LJXUHZDVXVHGIRU&/DEVRUEHQWZDV LQ WKHUHDFWRUDW&DQGDWP
:DWHUFRQWDLQLQJWKHDPLQHIURPWKHJDVOLTXLGVHSDUDWRUZHUHUHWXUQHGWRWKHUHDFWRUZLWKDXWRPDWLFDOO\RSHUDWHG
YDOYH,QPHDVXULQJWKHDPRXQWRIZDWHUUHWXUQHGWRWKHUHDFWRUZLWKDQLQWHJUDWLQJIORZPHWHUDQGFDOFXODWLQJWKH
DPRXQWRIZDWHUYDSRUSDUWLDOSUHVVXUHLQWKHUHDFWRU&2SDUWLDOSUHVVXUHZDVGHWHUPLQHG
7KH&2UHJHQHUDWLRQHQHUJ\ZDVHYDOXDWHGZLWKWKHDSSDUDWXVVKRZQLQ)LJXUHGHSHQGLQJRQWKHKHDWLQJ
HQHUJ\WRGHVRUE&2IURPWKH&2ORDGLQJDEVRUEHQW$ERXW/DEVRUEHQWLQWKHUHDFWRUZDVPL[HGLQWKHUHDFWRU
ZLWK WKH OLTXLG SXPS DQG KHDWHG ZLWK WKH HOHFWULF KHDWHU IURP URRP WHPSHUDWXUH WR DERXW & $V DEVRUEHQW
WHPSHUDWXUH URVHZLWKHOHFWULFKHDWHU&2ZDVGHVRUEHGIURPWKHDEVRUEHQWZLWKZDWHUYDSRU)ORZLQJ WKURXJKD
FRROHUWKLVPL[HGJDVZDVVHSDUDWHGWR&2DQGZDWHUZLWKWKHJDVOLTXLGVHSDUDWRU7KHDPRXQWRIGHVRUEHG&2
ZDVPHDVXUHGZLWKWKHLQWHJUDWLQJJDVIORZPHWHU7KHUHIRUHWKHVHSDUDWHGZDWHUUHWXUQHGLQWRWKHUHDFWRU
7KH&2UHFRYHU\HQHUJ\4(LQWKLVDSSDUDWXVZDVHYDOXDWHGE\WKHIROORZLQJIRUPXOD

&2UHFRYHU\HQHUJ\4( 4+4UDG4646$E

ZKHUH4(LV&2UHFRYHU\HQHUJ\N-4+LVHOHFWULFKHDWHURXWSXW4UDGLVKHDWUDGLDWLRQIURPWKHDSSDUDWXV46LV
KHDWVWRUDJHRI WKHDSSDUDWXVDQG46$E LVKHDWVWRUDJHRI WKHDEVRUEHQW7KH&2UHFRYHU\HQHUJ\4( LQFOXGHV WKH
ZDWHUHYDSRUDWLRQKHDW7KHHOHFWULFKHDWHURXWSXW4+ZDVXVHGDVWKHLQWHJUDWHGYDOXHDIWHU&2GHVRUEHGIURPWKH
DEVRUEHQW 7KH DPRXQW RI KHDW UDGLDWLRQ 4UDG DQG KHDW VWRUDJH 46 RI WKH DSSDUDWXV ZHUH FDOFXODWHG IURP WKH
HTXLSPHQWSURSHUWLHVHYDOXDWHGLQDGYDQFH$OVRKHDWVWRUDJHRIWKHDEVRUEHQW46$EZDVFDOFXODWHGIURPWKHVSHFLILF
KHDW DQG WKH WHPSHUDWXUH FKDQJH RI WKH DEVRUEHQW 7KHQ ZH HYDOXDWHG WKH &2 UHJHQHUDWLRQ HQHUJLHV RI HDFK
DEVRUEHQWIURPWKHUHODWLRQRI4(DQGWKHDPRXQWRI&2GHVRUSWLRQSHUXQLWWLPH
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)LJXUH([SHULPHQWDODSSDUDWXVXVHGIRU9DSRU/LTXLG(TXLOLEULXPWHVWV

6ROYHQW WKDW VKRZHG VXSHULRU SHUIRUPDQFH IURP WKH VFUHHQLQJ WHVWV ZHUH VHOHFWHG IRU WKH HYDOXDWLRQ RI WKHLU
YDSRUHTXLOLEULXPSURSHUW\ )LJXUH VKRZV WKH W\SLFDO H[DPSOHRI YDSRUHTXLOLEULXP WHVW IRUDEVRUEHQW;76
DQGWKHFRQYHQWLRQDO0($
)LJXUH7\SLFDOH[DPSOHVRIYDSRUOLTXLGHTXLOLEULXPWHVWV

7KH HIIHFWLYH &2 ORDGLQJ LV GLIIHUHQW EHWZHHQ DEVRUEHU DQG UHJHQHUDWLRQ FRQGLWLRQV RI WKH &2 V\VWHP 7KH
HIIHFWLYH&2ORDGLQJLVWKHNH\SDUDPHWHUWKDWGHWHUPLQHVWKHQHWF\FOLFFDSDFLW\LQWKH&2FDSWXUHV\VWHP)LJ
VKRZVWKDWWKHDEVRUEHQW;KDVJRRG9/(SURSHUW\FRPSDUHGWRWZRRWKHUVROYHQWV7KLVPHDQVWKDWWKHDEVRUEHQW
;DEVRUEVPRUH&2DQG UHOHDVHVPRUH&2RIIDW KLJK WHPSHUDWXUH*RRG9/(SURSHUW\ZLOO UHGXFHFLUFXODWLQJ
YROXPHDQGVWHDPUHTXLUHGIRU&2UHFRYHU\7KLVDGYDQWDJHFDQUHVXOWLQORZHULQJWKHFRVWIRUJDVWUHDWLQJSURFHVV
PDNLQJLWPRUHHFRQRPLFDOO\IHDVLEOH
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)XJXUH&2UHFRYHU\HQHUJ\IRUDEVRUEHQW;76DQGZW㸣0($

)LJXUHSUHVHQWVWKHUHVXOWRIHYDOXDWHG&2UHFRYHU\HQHUJ\IRU WKHDEVRUEHQW;ࠊ76DQGWKHFRQYHQWLRQDO
0($)RUWKHFDOFXODWLRQRIWKHUHJHQHUDWLRQHQHUJ\WKHDEVRUSWLRQFRQGLWLRQZDVDVVXPHGWREH&N3D&2
DQGWKHGHVRUSWLRQFRQGLWLRQZDVDVVXPHGWREH&2ORDGLQJDW&N3D&27KH&2UHJHQHUDWLRQHQHUJ\
ZDV LQWHJUDWHG IURP WKH &2 UHFRYHU\ HQHUJ\ XVHG EHWZHHQ DEVRUSWLRQ DQG GHVRUSWLRQ FRQGLWLRQ 7KH &2
UHJHQHUDWLRQ HQHUJ\ ZDV HYDOXDWHG GHSHQGLQJ RQ WKH GDWD LQ )LJ $V VKRZQ LQ )LJ LW ZDV IRXQG WKDW &2
UHJHQHUDWLRQHQHUJ\RIWKHDEVRUEHQW;LVOHVVWKDQWKDWRIWKHFRQYHQWLRQDO0($0RUHRYHULWZDVDERXW
OHVVWKDQWKDWRI76ZKLFKLVRXUSURPLVLQJDEVRUEHQWDWSUHVHQW7KHDEVRUEHQWZKLFKKDVWKHKLJKHIIHFWLYH&2
ORDGLQJDQGORZUHDFWLRQKHDWZDVFRQILUPHGWRVKRZORZ&2UHJHQHUDWLRQHQHUJ\
)LJXUH&2UHJHQHUDWLRQHQHUJ\IRUZW0($76DQGDEVRUEHQW$

7KH &2 RXWSXW YHUVXV WHPSHUDWXUH IRU  WKH DEVRUEHQW; 76 DQG ZW 0($ LV VKRZQ LQ )LJ 7KH
DEVRUEHQW;UHOHDVHG&2DWGHJUHHV2QWKHRWKHUKDQGERWK76DQGZW0($UHOHDVHGDWDOPRVWWKHVDPH
WHPSHUDWXUHRIGHJUHHV7KLVFRXOGEHH[SODLQHGE\WKHVSHFLILFVWHULFKLQGUDQFHVXEVWLWXHQWZKLFKOHGWRUHGXFH
WKHERQGVWUHQJWKRIERWKQLWURJHQDQG&2UHVXOWLQJLQWKHORZHUHGUHOHDVHWHPSHUDWXUHRI&2)XUWKHUPRUHWKH
DEVRUEHQW;PDLQWDLQHGFRQVLVWHQWO\WKHKLJKHVW&2RXWSXWDQGUHDFKHGWKHKLJKHVW&2UHOHDVHDPRXQWRI1/
FRPSDUHG WR RWKHU VROYHQWV 7KLV PHDQV WKDW DEVRUEHQW; UHOHDVHV DW ORZHU WHPSHUDWXUH DQG JRRG SURSHUW\ RI
UHOHDVLQJ&2ZLOOUHGXFHVWHDPWHPSHUDWXUHUHTXLUHGIRU&2UHFRYHU\7KLVDGYDQWDJHFDQUHVXOWLQORZHULQJWKH
FRVWIRUJDVWUHDWLQJSURFHVV
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)LJXUH7\SLFDOH[DPSOHVRIGHVRUSWLRQWHVW
4. Conclusion 
:HV\QWKHVL]HGWKHDPLQH;ZLWKWKHVWHULFKLQGUDQFHVXEVWLWXHQWDQGIRXQGWKDWWKHDEVRUEHQW;FRQWDLQLQJWKH
DPLQH;VKRZVJRRG&2F\FOLFFDSDFLW\DQGWKHDEVRUSWLRQUDWHDWWKHODERUDWRU\VFDOHH[SHULPHQWLQFRPSDULVRQ
WRWKHFRQYHQWLRQDO0($)XUWKHUPRUHWKH&2UHJHQHUDWLRQHQHUJ\RIWKHDEVRUEHQW;ZDVIRXQGWREHOHVV
WKDQWKDWRIWKHFRQYHQWLRQDO0($DQGDERXWOHVVWKDQWKDWRI76
:HZLOOHYDOXDWHWKHDEVRUEHQW;DW0LNDZDSLORWSODQWWRQGD\RZQHGE\7RVKLED&RUSXVLQJWKHDFWXDO
IOXH JDV IURP0LNDZD FRDO ILUHGSRZHU SODQW LQ )XNXRND SUHIHFWXUH -DSDQ+LJKHU&2 DEVRUSWLRQ FDSDFLW\ DQG
UHODWLYHORZHUKHDWRIUHDFWLRQFKDUDFWHULVWLFVZLOOUHGXFHWKHUHJHQHUDWLRQHQHUJ\
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